Rationale: Studies have shown that reducing sedation of critically ill patients shortens time on the ventilator and in the ICU. Little is known, however, of how such strategies affect long-term cognitive, psychological, and functional outcomes.
INTRODUCTION
Hundreds of thousands of critically ill patients around the world each year are treated with mechanical ventilation and other invasive therapies that can induce pain and anxiety. To prevent or relieve these symptoms, intensive care unit (ICU) practitioners treat over 80% of such patients with sedative and analgesic medications (1) . In fact, the usual practice in many ICUs has been to moderately or heavily sedate patients (2, 3) , perhaps to ensure that there will be little or no recall of events due to concerns that patients who remember their ICU experience may have adverse psychological sequelae (4) . Deviation from this usual care approach is viewed by some as inherently "risky" and dangerous to the overall health and safety of patients with critical illness (5) .
Despite the unquestioned short-term utility of sedatives, these medications can delay extubation and ICU discharge unless delivered in a judicious way. Several randomized clinical trials have clearly elucidated the short-term benefits of approaches to lighter sedation, including protocols that promote daily interruption of sedatives or intermittent boluses rather than continuous infusions (6) (7) (8) , but key questions remain unanswered regarding the long-term consequences of such approaches, specifically regarding the long-term psychological effects of daily interruption of sedatives (4, 5) . Data from recent observational studies and one small nonrandomized clinical trial suggest that, contrary to traditional thinking, sedative medications may contribute to adverse psychological outcomes rather than prevent them. Jones and colleagues demonstrated that patients who experience sedative-induced delusions while in the ICU, for example, are more likely to develop posttraumatic stress disorder (PTSD) than patients who have factual memories of their ICU stay (9) , and higher doses of benzodiazepines have been associated with PTSD symptoms months after discharge (10) . Patients in another study who were
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Long-Term Outcomes in the ABC Trial 5 managed with daily sedative interruption had fewer PTSD symptoms than did controls (11) .
Additionally, sedative exposure may be one factor that leads to the adverse cognitive outcomes now recognized to occur in a significant portion of ICU survivors (12) . Recent evidence suggests that up to half of those who survive a critical illness have cognitive impairment a year or more after discharge (13) , but no study to date has assessed the relationship between sedative exposure and long-term cognitive outcomes.
In contrast to the widely held view that decreasing sedative exposure might be harmful, we hypothesized that interrupting sedation and reducing sedation exposure via a wake up and breathe protocol would improve long-term cognitive, psychological, and functional outcomes for mechanically ventilated ICU patients. To test our hypotheses, we prospectively studied the longterm outcomes of patients enrolled at the largest site of the Awakening and Breathing Controlled (ABC) Trial (8), a randomized controlled trial which evaluated the efficacy and safety of a wake up and breathe approach designed to interrupt and reduce sedative exposure during management of critically ill patients.
METHODS

Design Overview
In this a priori-planned substudy of a multicenter randomized controlled trial, we assessed long-term cognitive, psychological, and functional outcomes at 3 and 12 months after discharge among patients enrolled in the ABC Trial at Saint Thomas Hospital. Due to limited personnel and funding, patients enrolled in the ABC Trial at other medical centers were not enrolled in the long-term outcomes component of the trial. The long-term outcomes component was designed to be conducted as a single-center randomized trial nested within the larger Page 5 of 35 multicenter trial, maintaining balance between treatment groups at the single study center via use of a stratified randomization scheme. All study methods employed at this study center prior to hospital discharge were identical to those employed at the other ABC Trial study centers.
Setting and Participants
We recruited study participants at a large, private tertiary care medical center, Saint Thomas Hospital (Nashville, TN Study personnel screened all medical ICU patients each day to identify adult patients (>18 years of age) who required mechanical ventilation for >12 hours. Exclusion criteria were admission after cardiopulmonary arrest, continuous mechanical ventilation >2 weeks prior to potential enrollment, moribund state and/or withdrawal of life support, profound neurological deficits (e.g., large stroke or severe dementia) that prevented patients from living independently, and enrollment in another clinical trial. Additionally, we excluded patients who underwent cardiac surgery or neurosurgery or had a stroke prior to or during the trial from the long-term component of the trial.
Randomization and Intervention
Patients were randomly assigned in a 1:1 manner to management with a wake up and breathe protocol that paired daily spontaneous awakening trials (SATs) with spontaneous breathing trials (SBTs) (the intervention group) or to usual care, consisting of patient-targeted sedation and an SBT protocol (the control group). We used a unique computer-generated, permuted-block randomization scheme at each study center (i.e., a stratified randomization Page 6 of 35 scheme); thus, patients enrolled in the long-term component of the trial represent a single population randomized to treatment assignment. After informed consent was obtained, before data were collected, local study personnel opened a consecutively numbered, sealed opaque envelope containing a tri-folded piece of paper with the treatment assignment. The investigator conducting all follow-up patient evaluations (JCJ) was blinded to treatment group allocation.
A detailed description of the trial protocol is provided elsewhere (8, 14) . Throughout the trial, patients in both treatment groups were managed with patient-target sedation per the study center's usual practice; sedative and analgesic doses were titrated to maintain the level of arousal and comfort deemed clinically appropriate for each patient. Additionally, patients in the intervention group were assessed each morning with an SAT safety screen to determine whether or not an SAT was safe. Those passing the screen underwent cessation of all sedative medications as well as analgesics as long as pain was judged adequately treated. Patients who passed the SAT (i.e., opened their eyes to verbal stimulus without meeting any failure criteria or tolerated the SAT >4 hours despite not opening their eyes) were immediately managed with the SBT protocol, which began with an SBT safety screen to determine whether or not an SBT was appropriate. Patients who passed the SBT safety screen underwent an SBT, during which ventilatory support was discontinued; patients breathed through a T-tube circuit or a ventilatory circuit with continuous positive airway pressure of 5 cm H 2 O or pressure support ventilation of less than 7 cm H 2 O. If the patient tolerated the SBT for 2 hours without signs of distress, the patient's physician was verbally notified. Otherwise, full ventilatory support was restarted. If sedatives or analgesics were judged necessary at any time during or following the SAT or SBT, they were restarted at half the previous dose and titrated to achieve patient comfort.
As previously described, patients in the control group received sedation according to usual care, i.e., patient-targeted sedation, and they were managed with the aforementioned SBT protocol. Every patient was monitored using a validated sedation scale (Richmond Agitation and Sedation Scale -RASS) to assess depth of sedation (15) .
Cognitive, Psychological and Functional Outcomes
We assessed each patient's cognitive, psychological, and functional status at 3 and 12 months post-discharge. Additionally, at study enrollment, a surrogate provided information on each patient's premorbid cognitive, psychological, and functional status. When surrogates reported that a patient had baseline cognitive impairment (which was not severe enough to prevent them from living independently and therefore did not exclude them from trial enrollment) and for all patients >60 years of age, we utilized a validated surrogate questionnaire, the Short Informant Questionnaire of Cognitive Decline in the Elderly (Short IQCODE), to determine the presence or absence of preexisting cognitive impairment (16) (17) (18) . Per our a priori plan, patients with a Short IQCODE score ≥4 were considered to have preexisting cognitive impairment (19) , presumably of mild to moderate severity since we excluded patients from study enrollment with dementia that prevented them from living independently. Patients were not excluded from study enrollment on the basis of Short IQCODE scores. Using normative population data, all cognitive test results were converted to T-scores, i.e., equivalent standard scores in a normal distribution with a mean of 50 and a standard deviation of 10. To identify cognitive impairment, we compared each patient's cognitive test scores to the normative population data and adhered to widely used psychometric definitions (22) (23) (24) , categorizing patients as having cognitive impairment if they a) scored ≥1.5 standard deviations below the mean on 2 or more of the 9 cognitive tests or b) scored ≥2 standard deviations below the mean on 1 or more of the 9 cognitive tests. By using this conservative definition of cognitive impairment, we ensured that patients identified as impaired had clinically significant deficits that were outside the range of normal cognitive functioning. This approach contrasts with less restrictive approaches that have been employed in other studies; e.g., a study of cognitive functioning in patients with liver disease diagnosed cognitive impairment if patients scored ≥1 standard deviation below the mean on any one of the cognitive tests administered (22) .
To further quantify each patient's cognitive performance using a continuous scale, we also calculated a composite score by averaging the T-scores of all 9 cognitive tests. Use of such a composite cognitive score, which has been employed in a variety of investigations (25) (26) (27) , minimizes floor and ceiling effects and reduces the risk of type I error when multiple cognitive tests are used (28, 29) .
Results from psychological, functional, and quality of life assessments were examined as raw scores and were used to identify dysfunction dichotomously using widely-used validated cutoffs on individual tests ( Table 1 ).
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Patients were followed from enrollment until one-year follow-up or death via monthly telephone calls. Additionally, electronic medical records and a commercial version of the Social Security Death Master File (30) were used to confirm vital status for patients who were not tested during the follow-up period.
Statistical Analysis
Sample size was determined based on calculations using the trial's primary outcome, ventilator-free days (8) . A separate power analysis regarding the outcomes examined in this long-term substudy was not performed. Instead, long-term outcomes were measured as previously stated in patients enrolled at Saint Thomas Hospital because of limitations in funding available to hire personnel with expertise in the measurement of cognitive outcomes. Data were analyzed with an intention-to-treat approach; patients with follow-up data were analyzed in the group to which they were randomized. We used Pearson's chi-square test to compare categorical variables between the study groups and the Wilcoxon-Mann-Whitney two-sample rank-sum test to compare continuous variables. A two-sided alpha of 0.05 was used to indicate statistical significance. We used R (version 2.4 patched) for all statistical analyses (31) .
Role of the Funding Source
The sponsors of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the manuscript. The corresponding author had full access to all the data and had final responsibility for the decision to submit for publication. Table 2 ). According to surrogates, patients' baseline activity of daily living (ADL) and instrumental activity of daily living (IADL) abilities did not differ between treatment groups. Using the Short IQCODE, preexisting cognitive impairment was identified in 10% of patients in the control group and 10% in the intervention group.
Preenrollment exposure to benzodiazepines and opiates was similar between study groups ( Table 2 ). Prior to enrollment, patients in the intervention group received more propofol than patients in the control group (P = 0.04), but preenrollment propofol dose was not associated with long-term outcomes. Management with the wake up and breathe protocol was associated with a significant reduction in total exposure to benzodiazepines while in the ICU (P = 0.04), whereas total doses of opiates and propofol administered in the ICU were not significantly between treatment groups.
Success in Obtaining Long-Term Follow-Up
The percentage of eligible patients (excluding those who died or met exclusion criteria but including patients who withdrew or were lost to follow-up) receiving follow-up assessments at 3-month and 12-month follow-up was 81% (80 of 99 eligible patients were tested) and 73% (63 of 86 eligible patients were tested), respectively.
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Cognitive Outcomes
Cognitive impairment was pervasive at 3-month follow-up (Table 3 and Figure 2 ), occurring in 79% of all patients evaluated. Though fewer patients in the intervention group than in the control group were cognitively impaired at 3-month follow-up (absolute risk reduction
[ARR], 20.2%; 95% confidence interval [CI], 1.5% to 36.1%; P = 0.03), composite cognitive scores were similar in the two groups (P = 0.80). Additionally, the prevalence of cognitive impairment was no longer different between groups 12 months after enrollment, with cognitive impairment remaining common (ARR, -1.9%; 95% CI, -21.3% to 27.1%; P = 0.89). Similarly, composite cognitive scores at 12-month follow-up were again similar between groups (P = 0.61).
Psychological Outcomes (Depression and PTSD Symptoms)
At 3-month follow-up, clinically significant symptoms of depression were observed in 64% of patients in the intervention group and 58% of those in the control group (Table 3) .
Symptoms remained largely the same at 12-month follow-up; with 59% of patients in the intervention group and 62% of patients in the control group reporting the presence of significant depression. Significant PTSD symptoms were less common than symptoms of depression, occurring in 14% of patients in the intervention group and 10% of those in the control group at 3-month follow-up and in 24% of patients in each group at 12-month follow-up ( Table 4) .
Functional Outcomes
A large percentage of patients in both groups were discharged to long-term care facilities (global P = 0.21); 8% of patients in the intervention group were discharged to nursing homes compared with 15% of patients in the control group and 2% versus 5% were discharged to assisted living facilities. Alternatively, 62% of patients in the intervention group were discharged home compared with 51% of patients in the control group.
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At both 3-and 12-month follow-up, functional status and quality of life were similar in the two treatment groups ( Table 3) . According to the Awareness Questionnaire, three of every four patients in both groups reported worse overall functional outcomes at 3-month follow-up compared with premorbid functioning. The percentage of patients, however, who reported their overall functional status was worse at 12-month follow-up than prior to their critical illness was lower in the intervention group than in the control group (absolute risk reduction, 23.3%; 95% CI, 0% to 42.3%; P = 0.05).
DISCUSSION
In this randomized controlled trial of mechanically ventilated medical ICU patients, patients managed with a wake up and breathe protocol, which paired daily spontaneous awakening trials (i.e., interruption of sedatives) with spontaneous breathing trials, experienced similar long-term cognitive, psychological, functional, and quality of life outcomes as those managed with usual care. Additionally, patients in the intervention group were less likely to report significant functional decline one year after ICU discharge than patients in the control group. Our results, along with those of a recent randomized trial of light vs. deep sedation (32), challenge the suspicion that decreasing sedation-even temporarily each morning-might be harmful to patients' long-term psychological and overall well-being. This concern likely fuels resistance to daily interruption of sedation and drives the common global practice of heavy and prolonged sedation in the ICU. In light of the previously published benefits of the wake up and breathe protocol, including a 14% absolute survival advantage and 4-day reductions in ICU and hospital lengths of stay (8), our study's findings should usher in a new approach to the management of mechanically ventilated patients.
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Cognitive impairment was pervasive among survivors in our trial, affecting 79% and 71% of patients able to undergo testing at 3-and 12-month follow-up, respectively. Symptoms of depression and PTSD, impaired functional status, and reduced quality of life were also common, though not as prevalent as cognitive impairment. These results are consistent with previous research showing that survivors of critical illness are at high risk for long-term cognitive, psychological, and functional disability (13, 33, 34) . To date, at least a dozen prospective cohort publications have assessed cognitive and/or psychological outcomes in patients who survived critical illness managed in medical, surgical, or trauma ICUs (35-47). The prevalence of cognitive impairment reported in these studies has varied considerably, with deficits observed in 20%-75% of patients up to a year or more after discharge. The rates of impairment observed in the ABC Trial are in the upper end of these ranges, possibly due to the advanced age of many patients included in this investigation. Whereas earlier studies included populations with average ages between 45 and 55 years, the median age among patients enrolled in the long-term component of the ABC Trial was 66 years, with one quarter of these patients 75 years of age or older.
Though not yet shown in ICU cohorts, human and animal studies suggest that advanced age is a risk factor for cognitive impairment following traumatic brain injury, coronary artery bypass graft surgery, and hypoxemia for a variety of reasons, including decreased cognitive or brain reserve (48) (49) (50) (51) (52) . Based on the Short IQCODE, only 10% of our patients had preexisting cognitive impairment, implying that the high prevalence of cognitive impairment during followup is due to development of an ICU-acquired cognitive insult. Our conservative definition of cognitive impairment-designed to ensure that patients classified with long-term cognitive impairment had clinically significant deficits-required a degree of cognitive deficits that would Notable strengths of our trial include a randomized study design, the breadth of outcomes assessed, higher follow-up rates than those achieved in earlier similar studies, and blinding of the investigator who conducted all follow-up evaluations. Randomization in a clinical trial facilitates equal distribution of potential confounders, both measured and unmeasured. Thus, potential confounding of the trial results due to preexisting cognitive impairment-which was balanced between treatment groups, according to a validated surrogate instrument-should be reduced through appropriate randomization. Similar to the comprehensive methods used in some cardiac bypass surgery and stroke trials (48, 53, 54) , the cognitive battery employed in our trial tested a broad range of cognitive domains. Individual instruments in the battery were selected because they are psychometrically robust and yet tolerable to patients, giving the battery a balance of methodological rigor and feasibility (54) .
Because the wake up and breathe protocol reduced the likelihood of death, which was a common outcome in this critical care trial, our analyses of outcomes among patients tested could be significantly confounded by the differential mortality in the two groups. If risk factors for death (e.g., older age and ICU delirium) also increased the risk of long-term cognitive impairment, patients who might have died if not managed with the intervention were likely at high risk for poor cognitive outcomes; the survival benefit increased the number of such patients in the intervention group, potentially biasing the trial towards the null and against our finding improved cognitive outcomes in the intervention group. Other limitations include the singlecenter design (which limits generalizability to populations similar to those we enrolled and reduces sample size), incomplete follow-up, the use of self-report questionnaires for some outcomes rather than formal diagnostic instruments (which were too time-consuming to administer to patients who also completed an extensive battery of cognitive tests), and our inability to directly assess premorbid cognitive or psychological function. In studies of ICU survivors, investigators have used the PTSS-10 more often than any other measurement of PTSD symptoms (33), but this self-report questionnaire was based on the PTSD criteria outlined in the now-outdated third edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III) (55) rather than the more expansive criteria included in the current DSM-IV-TR (56). As with most critical care trials, patients could not be identified prior to their acute critical illness and thus could not be directly assessed for preexisting cognitive or psychological dysfunction.
Thus, a surrogate questionnaire rather than direct testing was used to assess for baseline cognitive impairment according to previously published ICU methodology (54) . The results of the validated Short IQCODE questionnaire (16) (17) (18) indicate that baseline cognitive impairment was evenly distributed between treatment groups, as would be expected in a randomized trial.
Unfortunately, no comparable surrogate-based method exists to reliably assess for preexisting depression or PTSD. Finally, the current study was not powered to prove differences or equivalence for some outcomes; sample size was based on estimated improvements in short-term outcomes, and no power calculations were performed regarding potential effects on the longterm outcomes presented herein. Nevertheless, the results do not allude to any long-term harm associated with the intervention, and a very large trial would be needed to demonstrate noninferiority for any psychological outcomes, one that would likely be deemed unethical as patients in the control group would be exposed to increased risk for worse in-hospital outcomes as well as for death (8) .
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In conclusion, our trial found that, compared with usual care sedation and ventilation weaning practices, a wake up and breathe protocol that pairs daily spontaneous awakening trials (i.e., interruption of sedatives) with spontaneous breathing trials for the management of mechanically ventilated medical ICU patients resulted in similar cognitive, psychological, functional, and quality of life outcomes among patients tested 3 and 12 months after their ICU stay. Despite widespread concerns regarding the potential long-term risks of interrupting or reducing sedation in the ICU, the wake up and breathe approach results in improved short-and long-term outcomes and does not increase the risk of adverse cognitive, psychological, or other outcomes. (58) Briefly surveys a wide range of cognitive domains
Global mental status Age-and education-adjusted T-scores obtained using Crum et al. (59) RAVLT (60) Tests immediate and delayed memory and learning using a 15-item word list, which is repeated to the subject across numerous trials 
